Near-field radiation heat transfer between arbitrarily-shaped micro/nanosize objects and a large surface arises in many applications such as near-field thermal spectroscopy (De Wilde et al., Nature 444, 740, 2006), tip-based manufacturing (Hawes et al., Opt. Lett. 33, 1383, 2008 and localized radiative cooling (Guha et al., Nano Lett. 12, 4546, 2012). An analytical solution for this type of problem exists only for the case of a single sphere above an infinite surface (Kruger et al., Phys. Rev. Lett. 106, 210404, 2011; Otey and Fan, Phys. Rev. B 84, 254431, 2011). When dealing with multiple complex-shaped objects above a surface, a numerical solution of the stochastic Maxwell equations describing near-field thermal radiation is required. Yet, numerical methods are difficult to apply to such a multi-scale problem due to the prohibitive calculation time associated with discretizing the macroscale surface that is many orders of magnitude larger than the micro/nanosize objects.
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In this work, a general framework for modeling near-field radiation heat transfer between arbitrarily-shaped objects and a large surface, modeled as infinite, is provided. The interaction between the objects and the surface is treated analytically using Sommerfeld's theory of electric dipole radiation above an infinite surface (Ann. Phys. 81, 1135, 1926) . The volume integral equation for the total electric field derived from the stochastic Maxwell equations is solved using the thermal discrete dipole approximation (T-DDA). The T-DDA is a numerical method that has been previously used for predicting near-field radiative heat transfer between arbitrarily-shaped objects embedded in an infinite, homogeneous medium (Edalatpour and Francoeur, J. Quant. Spectrosc. Radiat. Transfer 133, 364, 2014; Edalatpour et al., Phys. Rev. E 91, 063307, 2015) .
The T-DDA with surface interaction is first verified against exact results of heat rates between a sphere and a surface. A good agreement between the exact results and those obtained from the T-DDA with surface interaction is found. The framework is then applied to the case of a probing tip interacting with a surface. This problem is of particular interest in near-field thermal spectroscopy, where a probing tip is used to scatter the near-field thermal spectrum emitted by a surface. Recently, two independent experimental studies reported a spectral redshift of the measured scattered signal compared to the thermal emission spectrum of the surface (Jones and Raschke, Nano Lett. 12, 1475, 2012; Babuty et al., Phys. Rev. Lett. 110, 146103, 2013) . Using the T-DDA with surface interaction, the physical mechanisms responsible for the redshift are elucidated by analyzing the spectral distributions of heat rate and power scattered by the probing tip. The framework proposed in this study is likely to assist in the development of thermal spectroscopy techniques for probing the near-field thermal spectrum of heat sources.
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